The cross-sectional association of blood pressure with urinary sodium and potassium excretion was investigated with a stepwise regression analysis. Spot urine of 7441 females between 40 and 69 years was collected from 169 municipalities (88 urban and 81 rural) covering all prefectures in Japan. The filter paper sampling technique for urine was used to collect samples of subjects from March to December in 1985. Spot urine samples were analyzed for sodium, potassium and creatinine. In addition, 24-hr sodium and potassium excretions were estimated by predictive equations. Blood pressure, sodium excretion and sodium/potassium ratios were higher in rural areas than in urban areas. Consistent positive correlations between urinary sodium and blood pressure, and negative correlations between urinary potassium and blood pressure were observed in the whole country of Japan, in both urban and rural areas, and also in separate observations of twelve regions in Japan with some exceptions. When compared in standardized partial regression coefficients, relative effects of potassium on systolic blood pressure were higher than those of sodium in the whole of Japan, in urban and rural areas, and in five among the twelve regions. The present Japanese study confirmed a positive within-population relationship between sodium excretion and blood pressure and a negative relationship between potassium excretion and blood pressure.
; Kok et al. 1986 ), whereas, in Oriental population studies, sodium intake correlated positively with blood pressure (Kesteloot et al. 1980 (Kesteloot et al. , 1987 .
Both epidemiological observations (Walker et al. 1979 ; Kesteloot et al. 1980 Kesteloot et al. , 1987 Watson et al. 1980 ; Staessen et al. 1981 ; Khaw and Barrett-Connor 1984; Gruchow et al. 1985) and animal studies (Dahl et al. 1972 ) have suggested that a high dietary intake of potassium is associated with lower blood pressure. Some clinical trials have demonstrated lowering of blood pressure with potassium supplementation in both hypertensive (Iimura et al. 1981; MacGregor et al. 1982) and normotensive persons (Khaw and Thom 1982) . Recently, Intersalt Cooperative Research Group (1988) showed that sodium excretion was positively correlated with blood pressure and potassium excretion was negatively associated with blood pressure of individual subject after adjustment for confounding variables.
Japanese consume a high salt diet and have the highest stroke rates. In some areas of northern Japan, the average salt intake was reported to be over 25 g daily (Sasaki 1962 ). There still remains regional variation of salt intake, though recently the level of intake has diminished (Ministry of Health and Welfare 1988).
We have developed the filter paper method (Takemori 1980 ) for sampling urine which has enabled the sampling of large numbers of subjects from distant places by mail. The purpose of the present study was to investigate the relationship of blood pressure to urinary sodium and potassium within a population. We used multivariate statistical techniques to analyze data obtained by nationwide sampling.
SUBJECTS AND METHODS
Fifty filter paper strips (2 x 4.5 cm, No. 6 ; Toyo Roshi Co., Ltd., Tokyo), a collective schedule and an explanatory note of the survey were mailed to two urban and two rural municipalities in all the prefectures in Japan after receiving consent for the present survey. Filter paper strips soaked in spot urine and free volume samples from females between 40 and 69 years who participated in the general health examinations conducted by municipalities were collected from each of the fifty subjects. The strips were dried at room temperature and wrapped with aluminium foil. These samples were then mailed to the laboratory between March and December in 1985 and stored in a refrigerator at 5-10°C until measurement. Sodium (Na), potassium (K) and creatinine (Cr) were extracted from the strips utilizing 15 ml of blank solution (Takemori 1981 ) for flame photometry, at 25°C for one hr. Sodium and potassium were measured using flame photometry and creatinine was measured by the Jaffe method. Twenty-four hour (one day's) urinary sodium and potassium excretions were estimated from the concentration of sodium, potassium and creatinine in the spot urine by the predictive equations of Kawasaki et al. (1985 Kawasaki et al. ( , 1986 ) for sodium and Hirata et al. (1985) for potassium. The predictive equations are cited in the footnote of Table 1 .
The name of the municipality, the date and the time of day of survey, age, height, weight and blood pressure of the subjects were entered in the collective schedule. Other information such as a history of hypertension or medication for hypertension was not included. According to the diagnostic definition of cerebrovascular diseases by the Japanese Association for Cerebro-Cardiovascular Disease Control (1983), blood pressure was measured by public health nurses using standard mercury sphygmomanometers after sam- 
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Anthropometric data, blood pressure, estimated one day's urinary potassium and sodium excretion and sodium/potassium ratio in spot urine from middleaged female adults (40-69 years) in the whole of Japan, urban and rural areas pling of spot urine for sodium and potassium measurements. The subject was seated and has been at rest for at least 5 min. Diastolic blood pressure was taken at the point where the Korotkoff sound disappeared (phase 5).
In order to determine the independent contribution of variables to blood pressure, stepwise multiple regression analyses were run with systolic and diastolic blood pressure as dependent variables, and age, height, weight, sodium and potassium excretion as independent variables. The analyses were done in a backward stepwise method, eliminating at each step the least significant variable until all remaining independent variables were significant at p <0.05 levels.
RESULTS
Seven thousand five hundred and seven females were sampled from 169 municipalities (88 urban and 81 rural) covering all the prefectures in Japan. From these subjects, complete data of 7441 subjects including all the testing variables were used for the analyses. Anthropometric data, blood pressure, estimated one day's urinary potassium and sodium excretions and sodium/potassium ratio in spot urine for the whole country of Japan as well as for urban and rural are presented in Table 1 . Blood pressure, sodium excretion and sodium/potassium ratio were higher in rural than in urban. Conversely, height and weight were higher in urban than in rural. Potassium excretion was not different in both areas. Significant differences among means of 10-year age groupings were seen in all veriables.
Product moment correlation coefficients between anthropometric data, blood pressure and urinary cation values in Japan are given in Table 2 . Systolic and diastolic blood pressure were positively related to age, weight, sodium and sodium/potassium ratios, and negatively related to height and potassium. The independent influence of one day's urinary sodium and potassium excre- Lions on blood pressure was studied by means of stepwise regression analysis. The results are given as partial regression coefficients, corresponding t-values and partial correlation coefficients in Tables 3 and 4 . Standardized partial regression coefficients are presented to allow for comparisons of relative effects of each independent variable on blood pressure. Final regression models with all significant variables, together with the multiple correlation coefficients are given. Multiple correlation coefficients (R) in the whole of Japan, as well as in urban and rural areas, for systolic and diastolic blood pressure ranged from 0.400 to 0.415, and from 0.320 to 0.323, respectively (Table 3 ). In regional observation (Table  4) , the coefficients varied from 0.264 to 0.503 for systolic, and from 0.246 to 0.423 for diastolic blood pressure. All the coefficients were significant. In most cases, the independent contribution of age and weight to blood pressure consists of a positive relationship, whereas blood pressure is negatively correlated with height. Whenever one day's urinary sodium excretion was independently correlated with blood pressure, the effect was positive, whereas, the effect of one day's potassium excretion on blood pressure was negative. When compared in standardized partial regression coefficients, relative effects of potassium on systolic blood pressure were higher than those of sodium in the whole of Japan, in urban and rural areas, and among five of the twelve regions. Sodium was higher than potassium in only four regions (Tables 3 and 4) . From Tables 3 and 4 , it appears that a 100 mmole increase of one day's urinary sodium was associated with an increase in systolic blood pressure by 4.5, 4.1, 4.9 and 3.3-8.9 mmHg and with an increase in diastolic blood pressure by 1.6, 1.2, 2.0 and 2.8-4.1 mmHg in the whole of Japan, urban, rural and several regions, respectively. A 100 mmole increase of one day's urinary potassium was associated with a decrease in systolic blood pressure by 19.7, 18.0, 21.4 and 13.1-33.8 mmHg and with a decrease in diastolic blood pressure by 7.2, 6.8, 7.5 and 6.7-13.5 mmHg in the whole of Japan, urban, rural and several regions, respectively. Per millimole, potassium was associated more strongly with blood pressure than sodium. The ratio of effectiveness in influencing blood pressure between sodium and potassium was 2.2 to 8.0 for systolic blood pressure, and 2.5 to 5.7 for diastolic blood pressure.
DISCUSSION
Twenty-four hour urine sampling has been recommended to estimate daily dietary sodium intake. Since it is difficult for individuals to collect 24-hr urine without disturbing their usual activity, simplified methods for estimating 24-hr urinary sodium and potassium excretions were studied by Kawasaki et al. (1985 Kawasaki et al. ( , 1986 , and Hirata et al. (1985) , respectively. The former used a Na/Cr ratio in 4-hr fractional urine from 8 to 12 a.m. or from 12 to 4 p.m., the latter used a K/ Cr ratio in a morning spot urine from 9 to 12 a.m.
In 1980, we devised the filter paper method (Takemori 1980 ) for collecting and transporting urine samples in epidemiological studies. Fundamental studies on this method confirmed that sodium, potassium and creatinine levels remained constant for samples absorbed in filter paper strips after storage for several months when the strips were air-dried at room temperature (percentages of sodium, potassium and creatinine concentrations at 54 weeks to the initial levels were 102±1.8%, 98 + 2.8%, 102 + 6.2% (mean + s.D. ), respectively) (Takemori 1983 ). They were extracted almost perfectly into blank solution for flame photometry (Recovery of sodium, potassium and creatinine ranged from 100 to 107%, from 100 to 106%, from 98 to 102%, respectively) (Takemori 1981) . This method enables the sampling of urine from a large population and the return of samples from distant places by mail.
In the present study, we collected spot urine by the filter paper method from middle-aged women who participated in a general health examination conducted by 169 municipalities covering all the prefectures in Japan. Twenty-four-hour sodium and potassium excretions were estimated from the concentrations of sodium, potassium and creatinine in the spot urine at morning or afternoon by the predictive equations of Kawasaki et al. (1985 Kawasaki et al. ( , 1986 ) and Hirata et al. (1985) . This spot urine was approximately equal to the 4-hr fractional urine, and spot urine in the afternoon was also approximately equal to the spot urine in the morning (Takemori et al. 1988 ). Spot urine was collected during March througi December when the general health examinations were performed by the municipalities. Since substantial loss of sweat may reduce the proportion of sodium excreted in urine, a hot season is not suitable to collect a 24-hr urine sample. The influence of sweating on the ratios of Na/Cr and K/Cr in spot urine, however, is not clear. Only female participants were used in this study because the health examinations do not consistently include all males, especially in urban areas. This exclusion of male allowed us to avoid the influence of sex on Na/Cr and K/ Cr ratios. This may also avoid the influence of alcohol intake on blood pressure, because only 3 percent of middle-aged women drink alcoholic beverages every day, compared with 47% of males in Japan (Ministry of Health and Welfare 1983).
Epidemiological evidence has shown that blood pressure increases with age in societies where salt is add to food. In populations with a very low sodium intake, however, blood pressure does not increase with age (MacGregor 1985) . The present study confirmed the age-related increases in systolic and diastolic blood pressure. This is consistent with the results of the National Nutrition Survey in Japan (Ministry of Health and Welfare 1988). Differences in blood pressure within urban and rural areas probably indicate that a delay exist in the decrease in blood pressure in rural areas.
In Japan, salt intake of more than 20 g/day (340 mmole/day) has been reported (Sasaki 1962) . Recent data indicate a range from 10.8 g (185 mmole) to 14.0 g (239 mmole) by the National Nutrition Survey of Japan in 1986 (Ministry of Health and Welfare 1988). This was obtained by weighing all foodstuffs prior to cooking (weighing method). Estimated sodium excretion of 161.9 mmole/day for Japan in the present study is lower than those in Korea (Kesteloot et al. 1980 ), Japan (Ikeda et al. 1986 ), Finland (Karvonen and Punsar 1977), Heidelberg (Schlierf et al. 1980 ), China (Kesteloot et al. 1987) , and Japan in the Intersalt study (1988) , and is higher than those in the U.S.A. (Watson et al. 1980; McCarron et al. 1984; Gruchow et al. 1985) , Belgium (Staessen et al. 1981) , and the Netherlands (Kok et al. 1986 ). Potassium of 56.2 mmole/day in the present study is comparatively lower than in the Netherlands (Kok et al. 1986 ) and Japan (Ikeda et al. 1986 ), higher than in China (Kesteloot et al. 1987) and Japan in the Intersalt study (1988) , and is close to Korea (Kesteloot et al. 1980 ) and western countries (Staessen et al. 1981; McCarron et al. 1984 ; Gruchow et al. 1985) .
Population comparison studies have shown a linear correlation between average sodium intake and either average blood pressure (Gleibermann 1973; Simpson 1985) or the prevalence of hypertension (Dahl 1960) . Correlation of individual blood pressure with urinary sodium excretion within population has been difficult to demonstrate (Simpson 1985) . Most investigations that failed to detect a significant correlation between blood pressure and urinary sodium excretion have attributed this to the difficulty of estimating dietary sodium intake and to individual variability under both parameters (Schlierf et al. 1980 ; Staessen et al. 1981 ). In the present study, however, consistent positive correlations between individual urinary sodium and blood pressure were observed in the whole country of Japan, in both urban and rural areas, and also in six of twelve regions in Japan.
In western countries, up to fourteen 24-hr urine samples are required for a correct estimate of sodium intake (Liu et al. 1979 ). In Oriental populations, however, because of a more standardized diet, only three 24-hr urine samples are necessary (Hsiao et al. 1986 ). We obtained only one estimated 24-hr urinary sodium and one blood pressure measurement. Subjects receiving medication for hypertension and who also intentionally decreased their sodium consumption may have been included in the present study because such information was not included in the collective schedule. We considered that such a great variation in sodium excretion (about 28% of coefficient of variation) and a large sample size (over 370 except Hokkaido region) established a relationship between sodium and blood pressure even under conditions mentioned above.
Consistent negative relationships between blood pressure and potassium excretion were observed in the present study. These findings are compatible with the studies of Dahl et al. (1972) showing that potassium protected against the rising effect of sodium on blood pressure in rats. Some recent epidemiological studies have demonstrated this negative relationship between blood pressure and urinary potassium excretion (Walker et al. 1979; Kesteloot et al. 1980, ; Watson et al. 1980; Staessen et al. 1981; Khaw and Barrett-Connor 1984; Gruchow et al. 1985) . A prospective population study has shown that a 10-mmole increase in daily potassium intake was associated with a 40% reduction in the risk of stroke-related mortality (Khaw and Barrett-Connor 1987) . These findings support the hypothesis that a high intake of potassium may protect against the effect of sodium on raising blood pressure and against stroke-related death.
The independent contribution of sodium to blood pressure is small. A 100 mmole increase of one day's urinary sodium was associated with an increase in systolic blood pressure by 4.5 mmHg and in diastolic blood pressure by 1.6 mmHg in the Japanese population.
These slopes correspond approximately to those found in Korea (Kesteloot et al. 1980 ), China (Kesteloot et al. 1987 ), American children (Cooper et al. 1980 ) and in the Intersalt study (1988), but they are less steep than those found by Gleibermann (1973) ; 1.35 mmHg/g salt (7.9 mmHg/ 100 mmole Na) for systolic blood pressure and 0.79 mmHg/g salt (4.6 mmHg/100 mmole Na) for diastolic blood pressure in females. These slopes are the best available estimates of the strength of association to be expected within a simple population (Watt and Foy 1982) . Some reasons for this small association may be as follows : (1) The within individual variability of both sodium and blood pressure is large. ( 2) It appears possible that at sodium intakes of 120-200 mmole the slope of the regression line is less steep (Simpson 1985) . (3) If only certain individuals were susceptible to the effect of dietary sodium, the observed association with blood pressure would be diluted by inclusion of many non-susceptible individuals (Watt and Foy 1982 ).
An increase in intake of 100 mmole potassium would result in a decrease in systolic blood pressure by 19.7 mmHg and in diastolic blood pressure by 7.2 mmHg in the Japanese population.
The lowering effect of potassium per mmole is higher than the increasing effect of sodium. This finding is in agreement with the results obtained in Korea (Kesteloot et al. 1980 ), China (Kesteloot et al. 1987 ) and the Intersalt study (1988) . This may be partially attributed to a smaller variation in the daily intake of potassium within individual persons compared to sodium (Khaw and Barrett-Connor 1984) .
The use of the sodium/potassium ratio seems logical, as the opposite effect of sodium and potassium on blood pressure have been observed in the present study and others (Kesteloot et al. 1980, ; Gruchow et al. 1985) . In the present investigation, sodium and potassium were, however, separately entered in regression analysis as independent variables in order to determine the independent effect of each ion on blood pressure.
Coefficients of determination (R2) of 0.167 for systolic and 0.103 for diastolic blood pressure in this study (Table 3) indicate that independent variables together only account for 16.7 and 10.3% of the total observed variation of the systolic and diastolic blood pressure, respectively. Other factors such as genetics, other nutrients, physical exercise and psycho-social stress could be important in determining the blood pressure of individuals within a population.
In conclusion, the results of these analyses confirm that in a comparison of individual blood pressure with urinary sodium or potassium excretion, sodium excretion consistently correlated positively and potassium excretion negatively with blood pressure.
